Background-Despite the increasing interest in using knee cartilage volume as an outcome measure in studies of osteoarthritis (OA), it is unclear what components of knee cartilage will be most useful as markers of structure in the tibiofemoral (TF) joint. Objective-To compare the changes that occur in femoral and tibial cartilage volume in normal and osteoarthritic knees and how they relate to radiological grade. Methods-82 subjects (44 female, 38 male, age range 35-69 years) with a spectrum of radiological knee OA were examined. Each subject had femoral and tibial cartilage volume in the medial and lateral TF joint determined from T 1 weighted fat saturated magnetic resonance images of the knee. Radiological grade of OA was determined from standing knee radiographs. Results-There was strong correlation between femoral and tibial cartilage volume measured in both the medial (R=0.75, p<0.001) and lateral TF joint (R=0.77, p<0.001). Similar correlations persisted when those with normal and those with OA joints were examined separately at both the medial and lateral TF joint. For each increase in radiological grade of joint space narrowing (0-3), there was a mean (SD) reduction in tibial cartilage volume of 1.00 (0.32) ml in the medial compartment and 0.53 (0.25) ml in the lateral compartment, after adjusting for differences in bone size. Similar changes were seen in the femoral cartilage. Conclusions-The amounts of tibial and femoral cartilage are strongly related. It may be that for TF joint disease, measuring tibial cartilage alone may be adequate, given that measurements of the total femoral cartilage are less reproducible and the diYculties inherent in identifying the most appropriate component of femoral cartilage to measure.
knee cartilage will be most useful as markers of structure in the tibiofemoral (TF) joint. Objective-To compare the changes that occur in femoral and tibial cartilage volume in normal and osteoarthritic knees and how they relate to radiological grade. Methods-82 subjects (44 female, 38 male, age range 35-69 years) with a spectrum of radiological knee OA were examined. Each subject had femoral and tibial cartilage volume in the medial and lateral TF joint determined from T 1 weighted fat saturated magnetic resonance images of the knee. Radiological grade of OA was determined from standing knee radiographs. Results-There was strong correlation between femoral and tibial cartilage volume measured in both the medial (R=0.75, p<0.001) and lateral TF joint (R=0.77, p<0.001). Similar correlations persisted when those with normal and those with OA joints were examined separately at both the medial and lateral TF joint. For each increase in radiological grade of joint space narrowing (0-3), there was a mean (SD) reduction in tibial cartilage volume of 1.00 (0.32) ml in the medial compartment and 0.53 (0.25) ml in the lateral compartment, after adjusting for differences in bone size. Similar changes were seen in the femoral cartilage. Conclusions-The amounts of tibial and femoral cartilage are strongly related. It may be that for TF joint disease, measuring tibial cartilage alone may be adequate, given that measurements of the total femoral cartilage are less reproducible and the diYculties inherent in identifying the most appropriate component of femoral cartilage to measure. There has been increasing interest in the use of magnetic resonance imaging (MRI) in the measurement of knee cartilage volume as a possible outcome measure in arthritis. [1] [2] [3] MRI has been shown to be a valid measure of cartilage volume when MRI cartilage volume is compared with anatomical dissection, and to be reproducible, with coeYcient of variations of about 2%. [2] [3] [4] This technique has been used to explore factors that influence knee cartilage in healthy adults and children. 3 4 One potential problem is that most techniques currently in use to measure knee cartilage volume use varying levels of manual manipulation and are consequently quite time consuming. [1] [2] [3] One possible approach is to try to identify whether it is possible to limit the components of knee cartilage being measured and still retain cartilage measures that are a valid measure of the state of joint cartilage. In this study we compared the changes that occur in femoral and tibial cartilage volume in normal and osteoarthritic knees and how they relate to radiological grades.
Methods
Eighty two subjects (44 female, 38 male, age range 35-69 years) with a spectrum of radiological knee osteoarthritis (OA) from normal to grade 3 osteophytes and joint space narrowing were included in this study. Each subject had an MRI and an x ray examination performed with a weightbearing anteroposterior view in extension on the same knee. The patients knees were imaged in the sagittal plane on a 1.5 T whole body magnetic resonance unit (Sigma Advantage GE Medical Systems Milwaukee, WIS) with use of a commercial transmit-receive extremity coil, as previously described. 3 4 Blinded radiographs were scored using a standardised radiographic atlas read on two separate occasions by one investigator. 5 The intraobserver reliability as measured by coefficient was 0.87 and 0.92 for joint space narrowing and osteophytes at the tibiofemoral (TF) joint.
REFORMATTING THE ORIGINAL SAGITTAL DATA SET INTO CORONAL PLANE
To transform the images to the coronal plane the Analyse Software package developed by the Mayo Clinic was employed, and the images were resized to an isotropic volume of 256×256×144 slices with a voxel size of 0.624 mm. This volume was then transformed to the coronal plane and padded to 256 pixels to retain consistent X×Y dimensions. The measurement of all 256 interpolated slices that resulted does not improve accuracy over the original acquisition set of 60 slices, as the interpolated slices do not contain any "new" data. When every third slice was used this resulted in 86 slices of thickness 1.281 mm and a set size of 256×256×86 based on a voxel size of 0.427 mm × 0.427 mm × 1.281 mm. The accuracy of the coronal measurements was tested by comparing them with measurements from the original sagittal plane, where all 60 slices were measured. The above process was repeated with the images transformed into the axial plane to create a third set of images.
MEASUREMENT OF CARTILAGE VOLUMES AND TIBIAL PLATEAU AREAS
As the femoral cartilage is a continuous structure and forms part of three joints (the patellofemoral and medial and lateral TF joints), the coronal view was used to measure both the femoral and tibial cartilage, because this sequence allows best visualisation of the femoral cartilage component of the medial and lateral TF joints and is satisfactory for the tibial cartilage (fig 1) . Similar tibial cartilage volumes are obtained from the original sagittal sequence and the reformatted coronal data. The average over-and underestimate of lateral and medial tibial cartilage volume from the reformatted coronal scans compared with the originally acquired sagittal sequences was 3.5% and 3.8%.
Articular cartilage volumes were determined by 3D image processing on an independent work station using the Osiris Software package (University of Geneva) as previously described. 3 4 The intraobserver reproducibility for repeat measures of cartilage volume from single acquisitions were: medial tibial coeYcients of variation (CV) 2.3% and intraclass correlation coeYcient (ICC) 0.993; lateral tibia CV 2.4% and ICC 0.992. For the femoral cartilage volumes, the reproducibility measures were: medial femoral CV 2.6% and ICC 0.992; for the lateral femoral cartilage volumes, the CV was 2.8% and ICC 0.988. The areas of the medial and lateral tibial plateaux were directly measured by manually drawing contours on the reformatted axial data. 4 The intraobserver reproducibility measures for tibial plateaux were: medial CV 2.7% and ICC 0.988; for the lateral femoral cartilage volume, the CV was 2.8% and ICC 0.986.
DATA ANALYSIS
Pearson's correlation coeYcient was used to examine the association between femoral and tibial cartilage volume at the medial and lateral TF joint and then radiological grade of OA. Linear regression was used to adjust for tibial condylar area (as a measure of bone size). Results are presented as regression coeYcients that represent diVerences in cartilage volume per unit change in the relevant explanatory factor, while other factors are held constant (that is, controlled for). The adequacy of the regression model was assessed using standard regression diagnostic techniques. 6 
Results
In the 82 subjects examined in this study, with a mean (SD) age of 43.4 (12.8) years, radiological OA was present in 64 (78%) knees in the medial TF joint and in 40 (49%) knees in the lateral TF joint.
There was a strong correlation between the amount of femoral and tibial cartilage measured in both the medial and lateral TF joint compartments (table 1). In the medial compartment, the average (SD) volume of the femoral cartilage was 1.59 (1.0) ml and of the tibial cartilage 1.54 (0.74) ml (p=0.21 for difference) with a correlation of 0.75 (p<0.001). In the lateral compartment, the average volume of the femoral cartilage was 1.91 (1.07) ml and of the tibial cartilage 1.73 (0.77) ml (p=0.11 for diVerence) with a correlation of 0.77 (p<0.001). When those with normal knees and those with radiological OA were examined separately, similar results were found. In the medial TF joint, the correlation between the femoral and tibial cartilage in those with normal knees was 0.70 (p=0.009) and in those with radiological OA, 0.75 (p<0.001). In the lateral TF joint, the correlation between the femoral and tibial cartilage in those with normal knees was 0.80 (p<0.001) and in those with radiological OA 0.75 (p<0.001).
Knee cartilage was reduced in those with OA (table 1) . Parallel changes were seen in the femoral and tibial cartilages in both the medial and lateral TF compartments as the grade of joint space narrowing increased. In the medial TF joint, for each increase in radiological grade of joint space narrowing (0-3), the femoral cartilage decreased by 1.86 (0.33) ml while the tibial cartilage was reduced by 1.00 (0.32) ml, after adjusting for diVerences in bone size as measured by medial tibial bone area. In the lateral TF joint, for each increase in radiological grade of joint space narrowing (0-3) the femoral cartilage decreased by 0.62 (0.30) ml while the tibial cartilage decreased by 0.53 (0.25) ml, after adjusting for diVerences in bone size as measured by lateral tibial bone area.
Discussion
In this study we have shown that there is a strong correlation between femoral and tibial cartilage volume in the medial and lateral TF joints both in subjects with normal knees and in those with radiological OA. Knee cartilage volume correlated inversely with radiological grade of joint space narrowing.
The femoral cartilage is a continuous structure that forms part of three joints-the patellofemoral joint, the medial and lateral TF joints. There is no clearly defined anatomical boundary between the femoral cartilage component of each of these three joints. In most epidemiological studies, joint space narrowing is used as a surrogate measure for joint cartilage and is the recommended outcome measure for anatomical progression of disease. 7 However, this measure is not sensitive to small changes, and it is well recognised that noncartilage structures, such as the menisci, may be included in this measurement. 8 Increasingly, cartilage volume as measured by MRI is being investigated. 9 10 However, it is still unclear which components of knee cartilage are the most useful to measure and the most eYcient, given that most methods currently in use to measure knee cartilage volume are time consuming as they require varying degrees of manual processing. [1] [2] [3] This study suggests that similar information about the structure of the lateral and medial TF joint can be obtained by measuring either the femoral or tibial cartilages. There was a strong correlation between the femoral cartilage, as measured from the coronal sequence, and the tibial cartilage in both medial and lateral TF joints in normal subjects and in those with OA. There was a strong, inverse relation between the radiological grade of joint space narrowing in both TF joints and in both femoral and tibial cartilage volume.
A potential problem in our study is that the original MRI images were acquired in the sagittal plane. However, from this sequence it is diYcult to identify reproducibly the femoral cartilage that would correspond to the TF joint as seen on standing knee radiographs. For this reason, we reformatted the data into the coronal plane. Reconstruction of MRI images into diVerent planes has been widely used clinically. [11] [12] [13] [14] We found that similar tibial cartilage volumes are obtained from the original sagittal sequence and the reformatted coronal data, with the average over-and underestimate of lateral and medial tibial cartilage volume from the reformatted coronal scans being 3.5% and 3.8% compared with the originally acquired sagittal sequences. Although sagitally acquired images give a good definition of the tibial cartilage, to avoid any diVerences introduced by reformatting we compared the tibial and femoral cartilage volumes, both calculated from the reformatted coronal MRI data. Possibly, large osteophytes may exaggerate the apparent cartilage loss where we adjusted for tibial condylar size. However, on axial images, it is possible to visualise the articular surface and measure this, which minimises this potential problem.
Although the technique for measuring both femoral and tibial cartilages has been validated, [1] [2] [3] these cartilages have only been examined in isolation. There has been no examination of the relation between femoral and tibial cartilage volume. The relation between cartilage volume and radiological grade of OA has also not previously been examined. Whether cartilage can be used as an interim marker for OA has yet to be determined, though early data suggest that this will be the case. 9 10 In cross sectional studies it seems likely that measuring the tibial cartilage only, may be adequate for TF disease. This has advantages because measurements of the total femoral cartilage are less reproducible and there are diYculties inherent in identifying the most appropriate component of femoral cartilage to measure. [1] [2] [3] We believe that use of the tibial cartilage has an advantage in that it is a clearly defined, anatomical structure and thus less susceptible to error in its identification across diVerent study sites and in diVerent operator's hands. However, the sensitivity and specificity of the femoral and tibial cartilages for detecting change over time will need to be tested in a longitudinal study. In the case of studies that examine cartilage defects, which *OA is defined as the presence of osteophytes or joint space narrowing score of >1, or both. †Only five subjects had grade 3 lateral joint space narrowing, so no data are presented.
